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ABSTRACT 
 
 The present study addressed an important issue in the construct validation of 
numerical reasoning ability tests by examining important systematic effects among 
gender, verbal ability, numerical reasoning ability, general cognitive ability, and 
performance on a numerical reasoning test using 124 psychology undergraduates (62 
males and 62 females). Based on the rationale of the construct-method distinction (Chan 
& Schmitt, 1997), reading requirement was identified as a source of method variance and 
manipulated in the experiment. Results showed that gender subgroup differences in 
numerical reasoning test were significantly smaller when reading requirement was high 
than when reading requirement was low. The Gender × Reading Requirement interaction 
effect was a result of systematic gender subgroup differences in verbal ability. 
Implications and limitations of the findings are discussed in relation to adverse impact 
and reverse discrimination. 
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INTRODUCTION 
Many personnel selection decisions are made on the basis of the accuracy of 
inferences from employment selection test scores. An important scientific and 
psychometric theme in personnel selection is how to maximize the construct validity 
between the chosen competency or ability and the method of assessment. The 
importance of this scientific endeavor arose from the need to maximize productivity 
via person-job fit whilst maintaining workforce diversity (e.g., Boudreau, 1991; 
Cascio, 1987; Hunter & Hunter, 1984; Terpstra & Rozell, 1993). This is especially 
true in the United States where employers are compelled to make socially and legally 
responsible employment decisions on job-relevant criteria while minimizing the 
influence of non-job-relevant criteria to avoid the risk of legal battles in court for 
personnel selection practices that lead to adverse impact (e.g., Civil Rights Acts of 
1991). However, psychometric issues relating to pre-existing subgroup differences on 
the chosen competency or ability and the method of assessment make it difficult for 
the employer to attend to the social obligations of maintaining workforce diversity. A 
case in point is the difficulty of ensuring equal employment opportunities between 
males and females. One major reason for the difficulty is largely due to gender 
differences in distinct competencies or abilities, which are psychometric variables 
that are distinct from socio-political variables.  Specifically, there are pre-existing 
psychometric gender subgroup differences in numerical reasoning ability ranging 
from .29 standard deviation units (i.e., Cohen’s d = .29) for college students (Hyde, 
Fennema, & Lamon, 1990) to d = .43 (Hyde, 1981). These gender subgroup 
differences indicate that males generally score higher than females on numerical 
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reasoning ability tests. One important social implication from these psychometric 
findings is that any observed significant subgroup differences, as noted by Schmitt 
and Noe (1986), could often lead to fewer members of the lower scoring subgroup 
being selected even if the selection procedures are carried out in strict accordance 
with established procedures (e.g., Uniform Guidelines on Employee Selection 
Procedures, 1978). In addition, other gender-based inequality consequences abound. 
Even about a decade before the advent of meta-analytical studies demonstrating 
gender differences in cognitive ability, Sells (1973) had argued that mathematics was 
a “critical factor” that prevented many females from having higher salaried, 
prestigious jobs. More recently, advances in labor economics have also found that 
gender differences in mathematical ability are significantly and practically associated 
with gender differences in earnings and occupational status (Paglin & Rufolo, 1990). 
Aside from pre-existing subgroup differences on the chosen competency or 
ability, employers need to ensure a high level of construct validity in the method of 
assessment so that the selection instrument is adequately measuring what it sets out to 
measure. Numerical reasoning ability (also known as quantitative or mathematical 
ability) is an important and job-relevant psychological construct that is widely tested 
in cognitive ability placement tests (e.g., Wonderlic Personnel Test, 1984; Scholastic 
Aptitude Tests; Graduate Record Examinations; Graduate Management Admissions 
Test). Given the wide-ranging impact of this psychological construct on personnel 
selection and other applications of psychological testing, it is important to understand 
whether or not numerical reasoning ability is indeed adequately assessed in tests 
intended to assess the construct. Given the observed psychometric disparity in gender 
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subgroup differences on numerical reasoning ability (e.g., Hyde, 1981; Hyde, 
Fennema, & Lamon, 1990), the assessment of the construct validity of these 
numerical reasoning tests will also need to address the important question of whether 
or not observed gender difference in test performance is indeed an adequate 
representation of true gender difference in numerical reasoning ability, as opposed to 
a reflection of gender differences on some other unintended construct which in turn 
could contaminate the intended test construct. Answering these scientific questions 
will help isolate the sources of variances for observed gender differences in scores on 
numerical reasoning tests and serve as a good source of findings to help employers 
make informed decisions on how to optimize the trade-off between selecting for 
ability while simultaneously maintaining a demographically diversified workforce. 
Importance of Construct-Method Distinction 
The conflict between organizational productivity and equal subgroup 
representation arise because of subgroup differences in test scores (Schmitt & Chan, 
1998). Researchers, with varying degrees of successes, have attempted to reduce 
adverse impact from searching for alternative predictors (Schmitt, Rogers, Chan, 
Sheppard, & Jennings, 1997) to examining subgroup test reactions (Arvey, 
Strickland, Daruden, & Martin, 1990; Chan, Schmitt, Jennings, Clause, & Delbridge, 
1997). However, these approaches are mostly correlational in design and strong 
causal inferences of why subgroup differences occur are not possible. There are at 
least two primary causes of subgroup differences in test scores. One cause is that 
subgroup differences reflect true underlying subgroup differences that are immutable. 
Another cause is that the observed subgroup difference in test scores may be 
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attributed to method variance, which is irrelevant to the test construct(s) of interest 
(Chan & Schmitt, 1997). In Chan & Schmitt (1997), the authors employed an 
experimental design by changing the test format (paper-and-pencil vs. video-based) to 
minimize the method variance of reading requirements while keeping the test content 
constant to substantially reduce ethnic subgroup differences in Black-White cognitive 
test scores and test reactions. While Black-White standardized mean difference in test 
performance was considerably reduced from .95 to .21, some subgroup difference 
was still evident. This demonstrates that the observed subgroup difference (d = .95) is 
a substantial overestimate of the true subgroup difference since the true subgroup 
difference in the substantive construct of interest is clearly less than when the 
measure is contaminated by the identified source of method variance. 
Chan and Schmitt (1997), and other notable researchers like Hunter and 
Hunter (1984), maintained that when studying method effects in subgroup 
differences, it is important to make the distinction between method effects and 
construct effects. A method effect (i.e., method variance) may be defined as any 
variable(s) that affects measurements by introducing irrelevant variance to the 
substantive construct of interest (Conway, 2002); while a construct effect refers to the 
substantial construct of interest. Thus, method variance is defined as a form of 
systematic error or contamination, due to the method of measurement rather than the 
construct of interest (Campbell and Fiske, 1959). Chan and Schmitt (1997) argued 
that subgroup differences arising from method effects and subgroup differences 
arising from true underlying construct relations must be separated. Subgroup 
difference caused by unintended method variance can then be minimized once it can 
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be conceptually and methodologically isolated from the true underlying construct 
variance, as in Chan & Schmitt (1997). 
In Chan & Schmitt (1997), reading requirements, defined broadly as the 
requirements to understand, analyze and apply written information and concepts, was 
identified and isolated as a source of method variance. Black-White differences in 
situational judgment test were considerably smaller in the video-based method of 
testing, which removed most of the reading requirements, than in the paper-and-
pencil method. It was found that subgroup differences in verbal abilities favoring 
Whites contributed significantly to the Black-White subgroup difference on the 
paper-and-pencil test due solely to reading requirements independently of the test 
construct of interest (Chan & Schmitt, 1997). 
The rationale employed by Chan and Schmitt (1997) may be similarly applied 
to gender subgroup differences on numerical reasoning ability placement tests. 
Numerical reasoning ability placement tests (e.g., GMAT, SAT, and GRE) have 
increasingly employed mathematical word problems in the test content. These word 
problems consist mainly of mathematical problems couched in a paragraph format or 
short sentences, thereby increasing reading requirements. Meta-analytic studies have 
found that gender subgroup differences favor females on verbal abilities (e.g., Denno, 
1983; Hyde & Linn, 1988, National Assessment of Educational Progress, 1985; 
Stevenson & Newman, 1986). Correspondingly, males will have a disadvantage on 
paper-and-pencil tests compared with females because of the considerable reading 
requirements on these numerical reasoning ability tests for successful test 
performance, since verbal ability is not the substantive construct of interest. Given 
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previous meta-analytic findings that gender subgroup differences on numerical 
reasoning ability favor males (Hyde, Fennema, & Lamon, 1990), numerical reasoning 
ability tests that are highly loaded with reading requirements will most probably 
underestimate the true gender subgroup difference of numerical reasoning ability. 
With the prevalence of word problems in numerical reasoning ability placement tests 
today, it is practically important to study whether increasing reading requirements 
will result in a substantial reduction of gender subgroup differences on numerical 
reasoning ability. 
To test the idea of reading requirement as a form of method effect on gender 
subgroup performance in a numerical reasoning test, an experimental design was 
employed to hold test construct (numerical reasoning ability) constant while reading 
requirements were varied so as to isolate gender subgroup differences resulting only 
from method variance (i.e., reading requirement). A test of general cognitive ability 
was also administered to control for the effects of general cognitive ability on the 
numerical reasoning test performance. True verbal ability and true numerical 
reasoning ability were measured using internationally recognized examination grades 
to test the hypothesis that a significant amount of gender subgroup difference on a 
numerical reasoning test, that is highly loaded with reading requirement, is due to the 
reading requirement inherent in the method of testing independently of the test 
construct, after controlling for the effects of numerical reasoning ability and general 
cognitive ability.  In sum, the present study aims to study the degree to which 
observed variance in numerical reasoning test scores, including observed gender 
difference in the test scores, is decomposed into true (intended test construct) 
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variance due to numerical reasoning ability and systematic error (method artifact) 
variance due to verbal ability required by the reading level of the numerical reasoning 
test. Specific hypotheses are explicated below. 
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Numerical Reasoning Tests: 
Numerical Reasoning Ability, Verbal Ability, and Reading Requirements 
Numerical reasoning tests typically consist of mathematical questions couched 
in prose to test the ability to reason quantitatively and solve numerical reasoning 
problems. Paper-and-pencil cognitive tests of numerical reasoning ability with 
varying degrees of reading requirements can be found in commercially published 
tests like GMAT, GRE, and SAT. The following example shows a word problem with 
low reading requirement (approximately equivalent to a seventh grade reading 
material): 
Mary puts $20,000 in a bank. The bank gives 6 percent annual interest that is compounded 
every half yearly. What is the total amount that Mary will have in the bank after 1 year? 
At the same time, it is also possible to find word problems with high reading 
requirement (approximately equivalent to a tenth-grade reading material): 
After Kevin received an inheritance of $20,000 from a late uncle, he decided to invest the 
money into a unit trust. The unit trust yields 6 percent annual interest that is compounded every half 
yearly. What is the total amount of money Kevin will get back in return after 1 year? 
Although these problem-solving questions are fundamentally testing 
numerical reasoning ability, successful performance on such word problems often 
require various abilities, either in succession or concurrently. In the above example, 
the examinee is required to utilize his or her verbal ability to read and understand the 
prose presented. Thereafter, the examinee uses this understanding, together with his 
or her numerical reasoning ability, to construct a working mathematical 
representation of the word problem before finally solving it. 
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When reading requirement is low, the test taker can easily extract the required 
numerical reasoning information to form a working mathematical equation for 
problem solving. Hence, reading requirement will not present a problem of method 
variance to the numerical reasoning test and this test represents a close assessment of 
true numerical reasoning ability. However, when reading requirement is high, 
performance on the numerical reasoning test is expected to suffer. This is because the 
test-taker is tasked with increasingly difficult-to-read prose in the word problem to 
interpret and translate into a working mathematical equation. If the examinee fails to 
interpret and extract the correct numerical reasoning information from the word 
problem, it will be difficult to continue any further into the actual mathematical 
problem solving that is required by the question. Therefore, it is predicted that 
Hypothesis 1: Reading requirements of the numerical reasoning test will have 
a negative effect on test performance, such that numerical reasoning test with high 
reading requirement will result in lower test performance than the same test with low 
reading requirement. 
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Method Variance and Subgroup Differences 
Previous studies show that gender subgroup differences exist for numerical 
reasoning ability favoring males (e.g., Hyde, Fennema, & Lamon, 1990) and verbal 
abilities favoring females (e.g., Denno, 1983; Hyde & Linn, 1988, National 
Assessment of Educational Progress, 1985; Stevenson & Newman, 1986). It is 
predicted that test performance on numerical reasoning and verbal abilities will 
replicate the results of previous studies: 
Hypothesis 2: A gender subgroup difference in numerical reasoning ability 
favoring males will occur, such that males will have significantly higher numerical 
reasoning ability than females. 
Hypothesis 3: A gender subgroup difference in verbal ability favoring females 
will occur, such that females will have significantly higher verbal ability than males. 
The crux of this study is to assess the construct validity of these numerical 
reasoning tests in relation to whether observed gender difference in numerical 
reasoning test performance is an adequate representation of true gender difference in 
numerical reasoning ability, as opposed to an indication of gender differences on 
some other unintended (i.e., verbal ability) construct. If numerical reasoning test is 
indeed assessing numerical reasoning ability per se, true subgroup differences on 
numerical reasoning ability should be the same as subgroup differences on the 
numerical reasoning test performance and varying the method effect of reading 
requirements should not result in any change of gender subgroup differences in 
numerical reasoning test performance. However, if the construct validity of numerical 
reasoning test is suspect such that test performance is a function of some other 
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unintended construct (i.e., verbal ability) other than just numerical reasoning ability, 
observed subgroup differences on the numerical reasoning test will no longer be a 
valid indication of true subgroup difference on numerical reasoning ability and 
observed gender subgroup differences on the contaminating method construct (i.e., 
verbal ability) will also need to be factored into the observed numerical reasoning test 
variance. This line of reasoning can be tested by evaluating the extent of change in 
gender subgroup differences on the numerical reasoning test when reading 
requirements are varied. By increasing reading requirements on the numerical 
reasoning test, thereby loading test performance more with verbal ability, it is 
possible that gender subgroup difference in test performance may be reduced. This is 
expected to occur because gender subgroup differences in verbal abilities favoring 
females (e.g., Denno, 1983; Hyde & Linn, 1988, National Assessment of Educational 
Progress, 1985; Stevenson & Newman, 1986) would imply that numerical reasoning 
test performance of females is expected to suffer less, as compared to males, when 
reading requirement increases. Hence, it is predicted that for performance on the 
numerical reasoning test: 
Hypothesis 4: Test performance will be a function of gender and reading 
requirement. A Gender × Reading Requirement interaction effect will occur. 
Specifically, males will have higher test performance on a numerical reasoning test 
than females when the test has a low level of reading requirement; but the gender 
difference in test performance will reduce when the same numerical reasoning test 
has a high level of reading requirement. 
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One premise of Hypothesis 4 is that numerical reasoning test performance is a 
function of the method effect of reading requirements, due to the method of testing 
using word problems, aside from numerical reasoning ability. It was argued 
previously that verbal ability is needed to read and understand the prose presented by 
the word problem. This obtained understanding (due to verbal ability) is used in 
conjunction with numerical reasoning ability to construct a working mathematical 
representation of the word problem before finally solving it. As reading requirement 
increases, more verbal ability will be needed to solve difficult-to-read word problems 
and hence verbal ability is expected to play a more significant role in numerical 
reasoning test performance. That is, the extent to which verbal ability will provide 
incremental validity in the prediction of numerical reasoning test performance over 
the prediction provided by numerical reasoning ability is positively associated with 
the extent to which the test is loaded with reading requirements.  Performance on the 
numerical reasoning test would be expected to be affected by verbal ability when the 
test has high reading requirement but no such effect would exist when the test has low 
reading requirement. However, based on the concept of positive manifold (Nunnally 
& Bernstein, 1994), both numerical reasoning ability and verbal ability may share 
common variances that reflect general cognitive ability rather than unique variance 
that reflect the specific ability construct of interest. Hence, the effect of general 
cognitive ability on the numerical test scores will need to be controlled statistically 
before testing for an interaction between verbal ability and reading requirement.  
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Therefore, it is predicted that 
Hypothesis 5: A Verbal Ability × Reading Requirement interaction effect on 
the numerical reasoning test will occur, after controlling for the effects of general 
cognitive ability. Specifically, numerical reasoning test performance will be 
positively and significantly correlated with verbal ability when reading requirement is 
high; whereas there will be no significant correlation when reading requirement is 
low. 
In the above hypotheses, the Gender × Reading Requirement interaction and 
the Verbal Ability × Reading Requirement interaction are to be tested separately. The 
final hypothesis provides a strong test for the argument that observed gender 
differences on the same numerical reasoning test with varying reading level may be 
accounted for by a method effect (reading requirement) on which gender groups 
differ systematically due to gender differences in verbal ability (contaminating 
method construct). Specifically, given the occurrence of a Gender × Reading 
Requirement interaction on numerical test performance (i.e., Hypothesis 4), the 
prediction is that the interaction would disappear once the effect of verbal ability on 
numerical test performance through reading levels is taken into account.  Hence, it is 
predicted that 
Hypothesis 6: The Gender × Reading Requirement interaction effect on 
numerical reasoning test performance would disappear after controlling for the Verbal 
Ability × Reading Requirement interaction effect on test performance. 
CONSTRUCT VALIDATION: CONSTRUCT-METHOD DISTINCTION 14
METHOD 
Participants 
A series of power analyses (Cohen, 1988) was run to determine the 
appropriate sample size. Setting the desired power at .80 while assuming an estimated 
effect size approximately between small-to-medium at α = .05 (Cohen, 1988), a total 
of 140 participants were needed. A total of 160 Singaporean introductory psychology 
undergraduates voluntarily participated in the study for experimental course credits. 
The sample consisted of 80 males and 80 females. However, a total of 124 provided 
usable data (62 males, and 62 females) after screening out missing data and statistical 
outliers (exceeding +2.00 SD and -2.00 SD) based on the participants’ Cumulative 
Aggregate Points (CAP), verbal ability, general cognitive ability test scores, and 
numerical reasoning test scores. 
Development of Numerical Reasoning Test 
The author developed the numerical reasoning test by adapting items from 
commercially available numerical reasoning tests in GRE, GMAT and SAT. The 
numerical reasoning test consisted of 20 test items and focused on two broad areas, 
namely simple computations and mathematical problem solving. Simple 
computations consisted of performing arithmetic operations like addition, subtraction, 
division and multiplication. Mathematical problem solving consisted of operations 
such as solving simultaneous equations, percentages, probabilities, and compound 
interest. Reading requirement was manipulated for each word problem by framing the 
items verbally according to low versus high readability in terms of reading level. 
Reading level was measured using two widely used indexes, namely the Flesch 
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Reading Ease (FRE) score and the Flesch-Kincaid Grade Level (FGL) score (Klare, 
1974; Kincaid & McDaniel, 1974; Kincaid, Fishburne, Rogers, & Chissom, 1975). 
The FRE measures reading level on a 100-point scale. The higher the score, the easier 
it is to understand the text. The FGL measures reading level by U.S. grade-school 
levels. A score of 7.0 on the FGL means that a seventh grader can understand the text. 
The reading requirement factor consisted of two conditions: 
1. Low reading requirements (mean FRE score = 72.77; mean FGL score = 6.38) 
2. High reading requirements (mean FRE score = 49.65; mean FGL score = 10.88) 
A word problem involving percentages will be used to illustrate each 
condition. For the first condition involving low reading requirement, the FRE score 
and FGL score will be 78.1 and 5.5 respectively (see Appendix A). In the second 
condition involving high reading requirement, FRE score will be lowered to 51.2 and 
FGL score will be raised to 9.8 (see Appendix B). The following grammatical rules 
were adhered to when constructing test items for the two reading requirement 
conditions. For test items with low reading requirement: 
1. There was a higher usage of active voice 
2. There was minimal use of embedded clauses 
3. Simple vocabulary words were used 
For test items with high reading requirement: 
1. There was a higher usage of passive voice 
2. There was a higher usage of complex clauses 
3. More difficult vocabulary words were used 
All the questions are multiple-choice questions with 5 responses to choose 
from. Each test item is scored right (1) or wrong (0) and then summed to get a total 
score for each individual participant. The theoretical score range is from 0 to 20. The 
CONSTRUCT VALIDATION: CONSTRUCT-METHOD DISTINCTION 16
scoring keys for each version of the numerical reasoning test were all identical across 
the two reading conditions. The administration of each version had a testing time of 
20 minutes. 
Measures of Verbal Ability, Numerical Reasoning Ability, General Cognitive 
Ability, and Scholastic Achievement 
To assess verbal ability, participants’ GCE ‘A’ Levels ‘General Paper’ grade 
was used as a proxy measure. The GCE ‘A’ Levels ‘General Paper’ is an 
internationally recognized academically certified examination taken by mostly 18-
year-old candidates worldwide for the educational assessment of verbal ability and is 
administered by the Cambridge International Examinations (CIE) in Britain.  
Although the GCE ‘A’ Levels ‘General Paper’ is heavily loaded with verbal ability 
and thus provides a reasonable proxy of the construct, it is likely to also reflect 
general cognitive ability. This is taken into account in the analyses by controlling for 
general cognitive ability that was independently measured. 
Numerical reasoning ability was measured using the participants’ GCE ‘O’ 
Levels ‘Additional’ Mathematics grades. The GCE ‘O’ Levels ‘Additional’ 
Mathematics is an internationally recognized academically certified examination 
taken by mostly 16-year-old candidates worldwide for the educational assessment of 
numerical reasoning ability and is administered by the Cambridge International 
Examinations (CIE) in Britain. Similarly, our analyses controlled for variance due to 
general cognitive ability. 
General cognitive ability was assessed using the Wonderlic Personnel Test 
(1984). This general cognitive ability measure is developed for industrial use such as 
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placement, and promotion for a wide range of jobs. The 12-minutes timed test, which 
consists of 50 items that span verbal, numerical, and some spatial content, yields a 
single total score. Test-retest reliabilities ranged from .70s to .90s. Validity evidence 
for the test can be obtained from its test manual (Due to test proprietary and copyright 
reasons, the Wonderlic Personnel Test will not be attached to the thesis). 
Scholastic achievement was measured using the participants’ Cumulative 
Aggregate Points (CAP). This is an aggregate of all the subject module grades taken 
by the participants. It is used in this study to screen out outliers due to high and low 
achievers. However, CAP was not used as a control variable in this study because it is 
a heterogeneous measure of cognitive ability, and this includes differences in 
numerical reasoning and verbal abilities for each individual participant depending on 
the specific modules read. 
Design 
The design was a 2 × 2 between-subjects factorial design with performance on 
the numerical reasoning test as the dependent variable. The two independent variables 
were Gender (Male vs. Female) and Reading Requirement (low vs. high). Participants 
were randomly assigned to the reading requirement condition with the restriction that 
participants in the same testing session were administered the same reading 
requirement condition. The number of participants per condition was approximately 
equal (see Table 3). The same measure of general cognitive ability was administered 
to all participants. 
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Procedures 
Participants were tested in a classroom setting in groups ranging between 1 
and 25 individuals. Examinees were presented with experimental booklets in pre-
determined seating arrangements containing the following: (1) Personal Details and 
Grades; (2) Numerical Reasoning Test; (3) Wonderlic Personnel Test. 
Instructions for the tests were enclosed on the first page of each test booklet. 
The participants first completed their personal details and reported their grades. The 
experimenter (author) briefed the participants on the confidentially of their responses 
by saying that their academic grades will only be analyzed at the aggregate level with 
no references to any specific individual. In addition, all information they provide will 
be kept strictly confidential. Participants were then instructed to complete the 
Numerical Reasoning Test (20 min), followed by the Wonderlic Personnel Test (12 
min). All the participants were instructed to commence and end each test at the same 
time to ensure the standardization of testing times. After the experiment, all 
participants were thoroughly debriefed and provided with a debriefed slip. The total 
test session was approximately 40 minutes. 
Data Analyses 
Effect size estimates (Cohen’s d) for subgroup differences on the numerical 
reasoning test performance were calculated by subtracting the male test mean from 
the female test mean and dividing the difference by the pooled standard deviation. 
Thus, negative effect sizes indicated that females scored lower than males, whereas 
positive effect sizes indicated the converse. Gender and reading requirement were 
dummy coded (male = 0, female = 1; low reading requirement = 0, high reading 
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requirement = 1) while the other study variables were analyzed as continuous 
variables. Independent-samples t tests were used to test Hypothesis 1, 2, and 3.  
Hierarchical multiple regression analyses were used to test hypotheses 4, 5, and 6. 
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RESULTS 
 Table 1 presents the means, standard deviations, reliability estimates, and 
intercorrelations of all the study variables. The internal consistency reliability 
estimates (Cronbach’s α) for the measures used in the experiment were in acceptable 
ranges for general cognitive ability, with the exception of the estimates for the two 
versions of numerical reasoning test (see Table 1). The two estimates were moderate 
but reasonable given that the tests consist of ability test items that were 
dichotomously scored (which restrict item covariances and hence Cronbach’s α) and 
they were timed (causing the test to have both power and speeded components). The 
lower reliability estimates for numerical reasoning test at high reading requirement 
could be due to the lower test item variance (and therefore lower item covariance, 
which in turn lead to lower Cronbach’s α) as a result of increased numerical 
reasoning test difficulty (relative to numerical reasoning difficulty at low reading 
requirement) brought about by the higher reading requirement. 
As shown in Table 1, the bivariate associations are consistent with the major 
hypotheses. Previous meta-analytic results on gender subgroup differences were 
replicated such that gender was correlated with verbal ability and numerical reasoning 
ability. In addition, gender was correlated with numerical reasoning test performance 
when reading requirement is low favoring males, but not when reading requirement is 
high. The following sections report the formal test of each hypothesis. 
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Hypotheses Relating Gender, Verbal ability, Numerical Reasoning Ability, and 
Numerical Reasoning Test Performance (Hypotheses 1, 2, and 3) 
Hypothesis 1 predicted that reading requirements of the numerical reasoning 
test will have a negative effect on test performance, such that numerical reasoning test 
with high reading requirement will result in lower test performance than the same test 
with low reading requirement. An independent t test showed that numerical reasoning 
test with high reading requirement have significantly lower mean scores (M = 11.03, 
SD = 2.64, N = 64) than low reading requirement (M = 12.17, SD = 2.87, N = 60), 
t(122) = 2.30, p < .05. The effect size estimate (Cohen’s d) in mean numerical 
reasoning test scores across reading requirements was d = -.41. Hence, Hypothesis 1 
was supported. 
 Hypothesis 2 (see Table 2) predicted that males would have significantly 
higher numerical reasoning ability than females. An independent t test showed that 
males have significantly higher mean numerical reasoning ability scores (M = 7.32, 
SD = .72, N = 56) than females (M = 7.00, SD = .93, N = 56), t(110) = 2.04, p < .05. 
The effect size estimate (Cohen’s d) in mean numerical reasoning ability across 
gender was d = -.38. Hence, Hypothesis 2 was supported. 
 Hypothesis 3 (see Table 2) predicted that females would have significantly 
higher verbal ability than males. An independent t test showed that females have 
significantly higher mean verbal ability scores (M = 5.08, SD = 1.15, N = 62) than 
males (M = 4.50, SD = 1.40, N = 62), t(122) = -2.52, p < .05. The effect size estimate 
(Cohen’s d) in mean verbal ability across gender was d = .45. Hence, Hypothesis 3 
was supported. 
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Hypotheses Relating Gender, Verbal ability, Numerical Reasoning Ability, 
General Cognitive Ability, and Numerical Reasoning Test Performance 
(Hypotheses 4, 5, and 6) 
Table 3 presents the means, and standard deviations of mean numerical 
reasoning test performance as a function of gender and reading requirement. Table 4 
and 5 presents the hierarchical regression analyses performed to test Hypotheses 4, 5, 
and 6. Hypothesis 4 predicted a Gender × Reading Requirement interaction effect 
such that males will have higher test performance on a numerical reasoning test than 
females when the test has a low level of reading requirement; but the gender 
difference in test performance will reduce when the same numerical reasoning test 
has a high level of reading requirement. Gender and reading requirement were 
entered as a single block in Step 1 of the regression of test performance on gender and 
reading requirement (see Table 5). These effects provided for 5% of the numerical 
reasoning test variance (p < .05). Reading requirements have significant main effects 
on test performance. The low reading requirement group performed better than the 
high reading requirement group (d = -.41, p < .05). The Gender × Reading 
Requirement product term, which represented the Gender × Reading Requirement 
interaction, was entered in Step 2 of the regression. Entering the Gender × Reading 
Requirement interaction term resulted in a significant increase in variance accounted 
for (∆R2  = .03, ∆df  = 1, p < .05). Figure 1 illustrates the interaction in terms of 
differences in gender subgroup mean performance on the numerical reasoning test. 
Males had a higher test performance than females when the test has a low level of 
reading requirement (d = -0.55); but the subgroup difference disappeared when the 
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same numerical reasoning test had a high level of reading requirement (d = .17). 
Hence, Hypothesis 4 was supported. 
Hypothesis 5 predicted that a Verbal Ability × Reading Requirement 
interaction effect on the numerical reasoning test would occur. Specifically, 
numerical reasoning test performance will be positively and significantly correlated 
with verbal ability when reading requirement is high; whereas there will be no 
significant correlation when reading requirement is low. General cognitive ability and 
numerical reasoning ability were first controlled by entering Cognitive Ability and 
Numerical Reasoning, respectively, in Step 1 as a single block (see Table 4). This 
accounted for 13.1% of the variance when test performance was regressed on these 
control variables (p < .05). In Step 2, verbal ability and reading requirement were 
entered as a single block of the regression of test performance on verbal ability and 
reading requirement. These effects accounted for a significant incremental variance 
accounted for (∆R2  = .068, ∆df  = 2, p < .05). Finally, the Verbal Ability × Reading 
Requirement interaction term was entered in Step 3. This interaction resulted in a 
significant increase in variance accounted for (∆R2  = .038, ∆df  = 1, p < .05). 
However, a plot of interaction (Aiken & West, 1991; Cohen & Cohen, 1983) as 
illustrated in Figure 2 shows a substantial negative correlation between test 
performance and verbal ability when reading requirement is low (equivalent to an 
effect of Cohen’s d = -.63 between +1 SD and -1 SD unit on verbal ability), compared 
to a trivial correlation when reading requirement is high (equivalent to an effect of 
Cohen’s d = .16 between +1 SD and -1 SD unit on verbal ability). This is contrary to 
the nature of the interaction predicted in Hypothesis 5 where it was predicted that 
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there would be no significant correlation between test performance and verbal ability 
when reading requirement is low; whereas test performance will be significantly 
positive with verbal ability when reading requirement is high. Hence, the specific 
nature of the interaction in Hypothesis 5 was not supported. 
Hypothesis 6 predicted that the Gender × Reading Requirement interaction 
effect on numerical reasoning test performance would disappear after controlling for 
the Verbal Ability × Reading Requirement interaction effect on test performance. As 
illustrated in Table 5, gender, verbal ability, reading requirement, and verbal ability 
with reading requirement interaction were entered as a single block in Step 1 of the 
regression of test performance on gender, verbal ability, and reading requirement. 
This block accounted for 7.7% of the variance (p < .05). Entering the Gender × 
Reading Requirement interaction term in Step 2 provided a non-significant increase 
in variance accounted for (∆R2  = .02, ∆df  = 1, p > .05). Hence, Hypothesis 6 was 
supported. 
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DISCUSSION 
 There are several important implications from the present findings on the 
relationships linking gender, verbal ability, numerical reasoning ability, reading 
requirements, general cognitive ability, and performance on a numerical reasoning 
test. One important implication of the findings is that the construct validity of 
numerical reasoning tests should not be uncritically assumed even though test items 
are ostensibly assessing numerical reasoning. Evidence for Hypothesis 1 found that 
reading requirements on the numerical reasoning test has a negative effect on test 
performance, such that numerical reasoning test with high reading requirement 
resulted in lower test performance than the same test with low reading requirement. 
This finding indicates that a test designed to measure numerical reasoning ability will 
not adequately assess the intended test construct when test method variance exists. 
Specifically, the intended construct of interest of numerical reasoning ability, as in the 
present study, might be contaminated by systematic irrelevant variance of verbal 
ability due to reading requirements arising from the nature of word problems in the 
test content of typical numerical reasoning tests. When the construct validity of a 
numerical reasoning test is contaminated by the method effect of reading 
requirements, gender subgroup difference in numerical reasoning test performance 
will no longer be an accurate indication of true gender subgroup differences in 
numerical reasoning ability and hence subgroup difference on the unintended 
construct of verbal ability will be observed as well. If the numerical reasoning test is 
indeed assessing numerical reasoning ability per se, true gender subgroup differences 
on numerical reasoning ability as already demonstrated in Hypothesis 2 should be the 
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same as any observed gender subgroup differences on the numerical reasoning test 
performance regardless of the levels of the method effect of reading requirements. 
However, results for Hypothesis 4 demonstrated that there is a Gender × Reading 
Requirement interaction on numerical reasoning test performance such that the 
observed gender subgroup difference in numerical reasoning ability (favoring men) is 
considerably smaller in the high reading requirement than in the low reading 
requirement. The reduction of gender subgroup difference on the numerical reasoning 
test suggests that subgroup differences on verbal abilities favoring females as shown 
in Hypothesis 3 enabled females to suffer less than their male counterparts when 
reading requirements was increased. To test this argument, a substantial portion of the 
observed Gender × Reading Requirement interaction on the numerical reasoning test 
should be sufficiently accounted for by verbal ability when reading requirements are 
varied. Results for Hypothesis 6 showed that observed gender differences on the same 
numerical reasoning test with varying reading level could be accounted for by the 
method effect of reading requirement on which gender groups differ systematically in 
verbal ability (contaminating method construct). That is, the Gender × Reading 
Requirement interaction on numerical test performance predicted in Hypothesis 4 
disappeared once the effect of verbal ability on numerical test performance through 
reading levels was accounted for. 
 In sum, the construct validity of numerical reasoning test is contaminated by 
the method effect of reading requirements such that gender subgroup differences on 
numerical reasoning tests is no longer an accurate indicator of gender subgroup 
differences on numerical reasoning ability. Method variance is observed because 
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reading requirements inherent in the test items of numerical reasoning test compelled 
examinees to activate their verbal abilities in order to understand the prose presented 
in word problems. If the examinee’s verbal ability failed to enable him or her to 
understand the word problem adequately, no working mathematical equations can be 
constructed and hence no further numerical problem solving can proceed. As a result, 
this allowed gender subgroup differences in verbal ability to play a significant role of 
method variance in determining numerical reasoning test performance. Gender 
subgroup difference in verbal ability favoring females enabled females to compensate 
for their lower numerical reasoning ability with their higher verbal ability to result in 
a substantial reduction of gender subgroup difference on the numerical reasoning test. 
By using a quasi-experimental design driven by logic of the construct-method 
distinction explicated in Chan and Schmitt (1997), some evidence was obtained for 
causal inferences of why subgroup differences occur on the numerical reasoning test 
performance as discussed above. Given the positive pattern of findings, the logic of 
inferences and contributions from the present study are generally similar to those 
documented in Chan and Schmitt (1997). Specifically, by isolating subgroup 
differences resulting from method effect (reading requirement) and holding test 
construct constant (numerical reasoning ability), varying the amount of method effect 
in the method of testing measuring identical numerical reasoning ability produced a 
Gender × Reading Requirement interaction effect such that the observed systematic 
gender subgroup differences in verbal ability (unintended method construct) reduced 
gender subgroup differences in numerical reasoning test performance (intended 
construct of interest) when reading requirement (unintended method effect) was 
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deliberately increased. Therefore, an important conclusion is that if numerical 
reasoning test performance is a function of numerical reasoning ability and verbal 
ability, gender subgroup differences in numerical reasoning test performance may 
also be systematically decomposed into true subgroup differences on numerical 
reasoning ability and gender subgroup differences in verbal ability due to the method 
effect of reading requirements inherent in the method of testing (using word 
problems). This conclusion is sufficiently supported by evidence obtained for 
Hypotheses 1, 2, 3, 4, and 6. 
Limitations and Future Research 
 Several limitations and future research directions are noteworthy.  These may 
be grouped under four issues namely; relationships between test performance and 
reading requirements; omitted variable problem and reading speed; relationships 
involving general cognitive ability; and criterion-related validation and practical 
implications. 
Relationships between test performance and reading requirements 
The present study reduced gender subgroup difference in numerical reasoning 
test performance by increasing reading requirement, which loaded test performance 
more with verbal ability. The numerical reasoning test performance of females is 
expected to suffer less, as compared to males, when reading requirement increases 
because gender subgroup differences in verbal abilities favor females (e.g., Denno, 
1983; Hyde & Linn, 1988, National Assessment of Educational Progress, 1985; 
Stevenson & Newman, 1986). However, it is difficult to estimate the impact of 
reading requirement on numerical reasoning test performance because one unit 
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increase of reading requirement does not translate equivalently into one unit decrease 
of numerical reasoning test performance. Previous research have found that numerical 
reasoning ability effect size estimates range from d = .29 for college students (Hyde, 
Fennema, & Lamon, 1990) to d = .43 (Hyde, 1981), while effect size estimates for 
verbal ability range from d = .12 (National Assessment of Educational Progress, 
1985) to d = .44 (Stevenson & Newman, 1986). Given the varying magnitudes of true 
and method subgroup differences, it is possible that females are able to compensate 
for their lower numerical reasoning ability with their higher verbal ability to 
understand and solve word problems on the numerical reasoning test when reading 
requirement become very high. Consequently, females will start to outperform males. 
That is, if a wider range of reading requirements, including very high reading levels, 
is employed, a crossover interaction may occur. Future research should consider 
experimental designs that include a wide range of reading requirements, from no 
reading requirement (e.g., use of mathematical equations only) to very high reading 
requirement (e.g., corresponding to 12th U.S. grade-school reading level assessment). 
This will help employers and test-makers to judge the optimal reading level for word 
problems without compromising construct validity. 
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Omitted variable problem and reading speed 
The present study’s findings contradicted Hypothesis 5. Although a Verbal 
Ability × Reading Requirement interaction effect on the numerical reasoning test was 
obtained, there was a substantial negative correlation between test performance and 
verbal ability when reading requirement is low, compared to a trivial correlation 
when reading requirement is high (see Figure 2). This was contrary to the prediction 
that there would be no significant correlation between test performance and verbal 
ability when reading requirement is low; whereas test performance will be 
significantly positive with verbal ability when reading requirement is high. One 
possible explanation for this anomaly may be due to the low statistical power 
provided by a sample size of 124 participants instead of the required sample size of 
160 participants. However, the significant Verbal Ability × Reading Requirement 
interaction simply lends credence to the existence of the interaction effect despite low 
statistical power, and does not explain why contrary predicted directions were 
obtained. Another possible explanation is to appeal to the possibility of an omitted 
variable bias. If numerical reasoning ability have been properly and fully controlled 
for in testing Hypotheses 5, verbal ability should be the sole explanation for any 
variance on the numerical reasoning test when reading requirement is high. However, 
the discrepant findings in Figure 2 suggest that differences in the ‘controlled’ 
numerical reasoning ability (as measured by GCE ‘O’ Levels ‘Additional’ 
Mathematics) may not map precisely onto differences in numerical reasoning ability 
required for successful test performance on the numerical reasoning test. That is, 
verbal ability differences (as measured by GCE ‘A’ Levels ‘General Paper’), is 
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observed to be negatively correlated with some other numerical reasoning ability 
relevant to numerical reasoning test performance which is not detected by GCE ‘O’ 
Levels ‘Additional’ Mathematics. The numerical reasoning ability responsible for the 
negative correlation in this case is the omitted numerical reasoning variable. As a 
result, this omitted numerical reasoning variable lowers high verbal ability 
participants’ numerical reasoning test performance when reading requirement is low 
(see Figure 2). When reading requirement is high, higher verbal ability resulted in 
improving numerical reasoning test performance as high verbal ability participants 
now compensate for their lower omitted numerical reasoning ability with their higher 
verbal ability, and therefore the effect size estimate d between low and high verbal 
ability participants disappears. This is shown by the reduction in effect size estimates 
d from -.63 (low reading requirement) to .16 (high reading requirement). While the 
omitted variable problem remains an alternative explanation that cannot be ruled out 
logically, the nature of the omitted variable problem in the present study is not easily 
understood. That is, it is open to speculation as to which specific omitted numerical 
reasoning psychological construct is causing this phenomenon. It is also equally 
possible that the omitted variable could be a linear combination of some other 
predictors used in this study, thereby introducing unwanted complications.  
A more plausible explanation is to appeal to the possibility of different 
psychological mechanisms (e.g., reading speed) at work across the different levels of 
reading requirement. For example, in word problems, the test-taker is compelled to 
make use of the verbal prose to integrate the seemingly disparate numerical 
information provided so as to construct meaningful working mathematical equations 
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for problem solving. Given the obtained results in Figure 2, it appears that higher 
verbal ability participants perform worse on the numerical reasoning test than lower 
verbal ability participants at high reading requirement, but not at low reading 
requirement. The issue of which psychological mechanisms are responsible for these 
observations needs to be addressed. One plausible explanation is that higher verbal 
ability participants tend to read faster when reading requirements are low and hence 
commit more mistakes during problem solving. This is based on the premise that if 
higher verbal ability participants read a lot and engage in more speed-reading, higher 
verbal ability participants could be overconfident and become hasty when there are 
few verbal contents to be read during problem solving, thus leading them to be less 
careful in integrating the numerical information provided in the word problems. 
Lower verbal ability participants, who presumably possesses lower reading ability 
and slower reading speed, on the other hand, tend to focus less on the few verbal 
prose provided in the word problems at low reading requirement condition; preferring 
instead to focus on integrating the numerical information into working problem 
solving equations. This could account for why lower verbal ability participants score 
higher than higher verbal ability participants at low reading requirement condition. 
Conversely at high reading requirements, both high and low verbal ability participants 
are required to read and take note of each individual piece of verbal and numerical 
information provided in the verbose word problem and thus compelled to be more 
prudent in their problem solving approach. Hence, this could explain why numerical 
reasoning test performance does not differ much between low and high verbal ability 
participants at high reading requirements. In order to test these explanations of 
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different psychological processes being evoked, future research should measure 
reading speed and other relevant test motivation variables (e.g., overconfidence) to 
test whether higher verbal ability participants tend to read faster and commit more 
mistakes at low reading requirement, and whether participants are more prudent in 
their problem solving approach at high reading requirement. 
Another way to better understand the nature of the psychological mechanisms 
that may produce the interaction depicted in Figure 2 is to examine the specific 
psychological processes involved in reading and understanding word problems. The 
theoretical motivation for Hypothesis 5 is to examine the impact of method variance 
as a function of verbal ability and reading requirements on numerical reasoning test 
performance. The goal was to examine how much of the prose in the word problems 
the examinee can understand and as a result, use this understanding to solve the word 
problems. Therefore, a better solution is to measure the accuracy of extracting 
mathematical information from the word problems. That is, measure and trace the 
examinee’s qualitative responses by having him or her write down the working 
mathematical equation step by step and then scoring it accordingly. In this way, 
instead of relying solely on proxy measures of verbal ability and numerical reasoning 
ability, the direct effects of verbal ability and numerical reasoning ability may be 
studied in conjunction with the specific psychological processes required to produce 
the accuracy of understanding the word problem. On the basis of the yielded result by 
the present study that verbal ability (method construct) and numerical reasoning 
ability (construct of interest) play significant roles in gender subgroup numerical 
reasoning test performance (assuming that verbal ability is construct-irrelevant), 
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future research should consider exploring gender subgroup differences as a function 
of the specific psychological processes involved in extracting and formulating 
working mathematical equations from word problems and employ specific designs to 
directly test the speculative accounts provided above. 
Relationships involving general cognitive ability 
 The present study found a small and positive correlation of r = .22 between 
general cognitive ability and verbal ability. Although the correlation between 
numerical reasoning ability and verbal ability was low, the analyses were 
conservative and statistically controlled for general cognitive ability when testing 
Hypothesis 5. A criticism of this procedure is that relevant construct variance may be 
controlled for (and hence removed) unnecessarily, given the significant correlation 
between general cognitive ability with verbal ability. One possible response to this 
criticism is to argue that verbal ability, or that part of general cognitive ability that is 
associated with verbal ability, is construct-irrelevant since verbal ability is not part of 
the intended test construct and has already been identified as a source of method 
variance on numerical reasoning tests. While this argument may apply in the present 
study, the issue is likely to be more complex and difficult in many other different 
contexts, especially those involving naturalistic settings such as those in the 
workplace.  In many naturalistic work settings, true job performance requires a 
combination of verbal ability, general cognitive ability, and numerical reasoning 
ability. In other words, true variances in each of these three constructs are construct-
relevant variance. For example, a research analyst dealing with statistics has to use all 
these abilities to analyze the given figures, followed by formulating and writing 
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coherent arguments based on any derived analyses. Future research could employ 
specific study designs to examine specific psychological processes (e.g., deductive 
and inductive reasoning) involved in general cognitive ability that can impact on 
numerical reasoning test performance via verbal ability and numerical reasoning 
ability. In this way, important variance critical to numerical reasoning test 
performance will not be partialled out when general cognitive ability is conceptually 
and methodologically isolated and studied separately. Another way of minimizing the 
role of general cognitive ability and maximizing the accuracy of inferences on 
numerical reasoning test scores is to use more valid measures of true verbal ability 
and numerical reasoning ability. 
 Another related measurement issue concerns the construct validity of true 
verbal ability with reading requirements. In the present study, the method variance of 
verbal ability on numerical reasoning test performance could be established when 
reading requirements are manipulated. GCE ‘A’ Levels ‘General Paper’, being highly 
loaded with verbal ability, was used as a reasonable proxy measure of verbal ability. 
However, the GCE ‘A’ Levels ‘General Paper’ consist of both reading and writing 
components. Reading comprehension ability may be a better representation of method 
variance because it can be argued that reading requirements involve reading 
comprehension skills rather than a combination of reading and writing skills as 
measured by GCE ‘A’ Levels ‘General Paper’. In addition, previous researchers like 
Stevenson and Newman (1986) have also established substantial gender subgroup 
differences in reading comprehension ability favoring females (d = .44). Thus, future 
research should employ more valid measures of verbal ability. 
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Criterion-related validation and practical implications 
From a practical standpoint, future research should move beyond artificial 
laboratory environments with undergraduate samples to examine the impact of 
subgroup differences of numerical reasoning tests in job-relevant settings such as 
personnel selection or performance appraisal. There are many social implications of 
the method-construct distinction (and the confounding of the two), which have been 
noted in Chan and Schmitt (1997). With respect to the distinction in gender 
differences in numerical reasoning test scores, certain specific implications are 
noteworthy.  If observed gender subgroup differences on the numerical reasoning test 
was in fact reduced (as compared to the true difference), it is important to revisit and 
consider whether the argument by Sells (1973), that mathematics was a “critical 
factor” preventing many females from having higher salaried and prestigious jobs, is 
still valid today. Future research can explore this notion by regressing income (and 
other important economic indicator) on gender and numerical reasoning test 
performance, after job performance (or some other nuisance variable) is controlled. 
More importantly, if more females (relative to males) are in fact selected on the basis 
of their verbal ability (without realization by employers) rather than their numerical 
reasoning ability on the numerical reasoning test, it would represent a problem of 
reverse discrimination where some deserving males (in terms of adequate true levels 
of numerical ability) are systematically not selected simply because they are not 
sufficiently high on a method (contaminating) construct that is job-irrelevant (if 
verbal ability is job irrelevant). Note that even though is the method construct is in 
fact job-relevant, the selection decision is still based on test scores which reflect 
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differences that are in fact irrelevant to the intended test construct. This would 
negatively affect construct validity insofar as inferences are made about numerical 
reasoning ability when the test scores in fact reflect both numerical reasoning ability 
and verbal ability, as in Chan & Schmitt (1997). 
A more distal but important goal is for future research to integrate findings in 
psychometric studies of adverse impact that focus on individual differences with 
socio-economic labor theories that focus on macro and wider ranging socio-political 
issues. For example, Paglin and Rufolo (1990) found that gender differences in GRE-
Quantitative test scores are significantly and practically associated with gender 
differences in earnings and occupational status. They pointed out that the failure of 
human capital models, defined briefly as the study of human capital factors of 
production such as education and work experience, to explain persistent difference in 
earnings favoring males was due to a lack of focus on the proper variables to be 
studied (i.e., specification error). Instead of examining gender subgroup differences in 
educational levels, they maintained that gender subgroup differences in competencies 
that are in demand by employers should be studied (e.g., mathematical ability). Since 
employers place a premium on mathematical ability, it was postulated that a greater 
number of males would chose occupations (e.g., engineering) that require the 
utilization of their better mathematical abilities (as opposed to their lower verbal 
abilities) and hence be paid higher (Paglin & Rufolo, 1990). Based on this rationale, 
the authors found that gender subgroup differences in GRE-Quantitative test scores 
favoring males could account for the gender difference in earnings favoring males. 
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Hence, future research should work towards integrating individual and macro theories 
of gender subgroup differences to explain diverse and practically important findings. 
Conclusion 
 The contribution of this study extends beyond the study of the construct 
validity of numerical reasoning tests by attempting to examine why gender subgroup 
differences occur in numerical reasoning tests. Theoretically, the study expands on 
the usefulness of the construct-method distinction framework (Chan & Schmitt, 1997) 
by conceptually identifying the source of method variance due to reading 
requirements inherent in the method of testing and postulating that inferences of 
gender subgroup differences on the numerical reasoning test performance could be a 
systematic function of both true gender subgroup differences in numerical reasoning 
ability and the observed method construct of verbal ability. Methodologically, the 
study used a quasi-experimental design similar to Chan and Schmitt (1997) to directly 
manipulate method effects of reading requirements so as to make strong causal 
inferences of why subgroup differences occur. Specifically, the intended test 
construct (numerical reasoning ability) was held constant while reading requirements 
were varied so as to isolate gender subgroup differences resulting only from method 
variance (i.e., reading requirement). Since it was demonstrated that the gender 
subgroup difference on the numerical reasoning test is both a function of true gender 
differences in numerical reasoning ability and verbal ability, numerical reasoning test 
performance is no longer a unitary and unbiased indicator of numerical reasoning 
ability when used in personnel selection or performance appraisal. It is hoped that 
employers will not presume that numerical reasoning tests come with a pre-
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determined high level of construct validity. This important psychometric finding will 
help employers to reduce potential occurrences of reverse discrimination policies and 
make informed decisions on maintaining workforce diversity. 
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APPENDIX A 
 
EXAMPLE OF NUMERICAL REASONING TEST ITEM 
WITH LOW READING REQUIREMENT 
 
A car dealer sold a car for a profit of $8000. The tax law states that profit made from 
the sale of cars is tax-free up to $6500. Any amount more than $6500 is subjected to a 
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APPENDIX B 
 
EXAMPLE OF NUMERICAL REASONING TEST ITEM 
WITH HIGH READING REQUIREMENT 
 
In an unexpected turn of events, Mary’s grandmother passed away and she left Mary 
with an inheritance of $8000. However, the Inland Revenue tax law states that any 
inheritance is tax-free only up to a limit of $6500. Any amount in excess of $6500 
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Table 2 
Mean Numerical Reasoning Ability Scores and Verbal Ability Scores for Gender 
 Male  Female   
Ability M SD n  M SD n  d 
          
Hypothesis 2 
Math 7.32 .72 56  7.00 .93 56  -.38 
          
Hypothesis 3 
Verbal 4.50 1.40 62  5.08 1.15 62  .45 
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Table 3 
Mean Numerical Reasoning Test Performance as a Function of Gender and Reading 
Requirement 
 
 Male  Female   
Reading Requirement M SD n  M SD n  d 
          
Hypothesis 4 
Low 12.88 2.60 32  11.36 2.98 28  -.55 
          
High 10.80 2.94  30  11.24 2.36 34  .17 
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Table 4 
 
Summary of Hierarchical Regressions of Numerical Reasoning Test Performance on 
Verbal Ability, Numerical Reasoning Ability, General Cognitive Ability, and Reading 
Requirement (N = 112) 
 
        
Predictors B SE β R2 df ∆R2 ∆df 
        
Hypothesis 5 
Step 1        
   Cognitive Ability .26 .07 .36* .131* 2   
   Numerical Reasoning .71 .28 .21*     
Step 2        
   Verbal -.67 .28 -.32* .199* 4 .068* 2 
   Reading Requirement -5.40 1.80 -.97*     
Step 3        
   Verbal × Reading Requirement .85 .37 .77* .237 5 .038* 1 
 
* p < .05. 
CONSTRUCT VALIDATION: CONSTRUCT-METHOD DISTINCTION 49
Table 5 
 
Summary of Hierarchical Regressions of Numerical Reasoning Test Performance on 
Gender, Verbal Ability, and Reading Requirement (N = 124) 
 
        
Predictors B SE β R2 df ∆R2 ∆df 
        
Hypothesis 4 
Step 1        
   Gender -1.52 .70 -.27* .050* 2   
   Reading Requirement -2.08 .69 -.37*     
Step 2        
   Gender × Reading Requirement 1.95 .98 .31* .080* 3 .030* 1 
        
Hypothesis 6 
Step 1        
   Gender -1.45 .71 -.26* .077* 4   
   Verbal -.31 .29 -.15     
   Reading Requirements -4.67 1.89 -.84*     
   Verbal × Reading Requirement .574 .39 .53     
Step 2        
   Gender × Reading Requirement 1.64 1.01 .26 .097 5 .020 1 
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